Executive Summary

This Feasibility Study (FS) presents an evaluation of remedial alternatives for mitigating soil
and groundwater contamination at Environmental Restoration Program (ERP) Site OT-17
(Site 17). Site 17 is located in the southeastern portion of Beale Air Force Base (AFB or Base)
near Marysville, California. Figure ES-1 shows the location of Beale AFB, and Figure ES-2
shows the location of Site 17. (All figures are located at the end of each section.)

The FS is one of several steps that comprise the Comprehensive Environmental Restoration,
Compensation, and Liability Act (CERCLA) process. Although Beale AFB is not on the
National Priorities List, the Air Force implements the ERP in conformance with CERCLA.
The content of this document follows the U.S. Environmental Protection Agency’s (EPA)
Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA

(EPA, 1988).

The FS develops and evaluates remedial alternatives for mitigating contaminants of concern
(COC) that exist in soil and groundwater within the Site 17 investigation area. The evalua-
tion of alternatives presented in this FS will be used to support a Proposed Plan and Record
of Decision in selection of the final remedial actions to be implemented at the site. The FS
uses the site conceptual model, which was generated using information gathered during the
remedial investigation (RI), to develop cleanup levels and evaluate remedial alternatives.

To facilitate development and evaluation of remedial alternatives in this FS, Site 17 subs-
urface contamination has been divided into three specific areas as follows (see Figure ES-2):

Area A - Primary Source Area: The contaminated area currently being contained and
managed through an interim remedial action (IRA).

Area B — Secondary Source Area: A secondary contaminant source area of up to 2 acres
immediately south of Area A. Up to 0.4 acre of this area is suspected to contain free-phase
chlorinated solvents in the subsurface.

Area C - Dissolved Plume: The dissolved groundwater contaminant plume extending
approximately 2,500 feet south of Area A and covering approximately 60 acres. Delineation
of Area C is defined by groundwater contaminant concentrations that exceed cleanup levels.

Pursuant to CERCLA guidance (EPA, 1988), the remedial alternatives investigated in this FS
are evaluated according to their ability to meet the following seven evaluation criteria:

Overall protection of human health and the environment

Compliance with applicable or relevant and appropriate requirements (ARAR)
Long-term effectiveness and permanence of the remedial action to minimize risks
Reduction of toxicity, mobility, and volume through treatment

Technical viability, reliability, and implementability

Compliance with regulatory requirements for any likely approvals, permits, and licenses
Costs of implementing the technology
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EXECUTIVE SUMMARY

Alternatives are evaluated against two additional criteria, state acceptance and community
acceptance, after regulatory and public comment on the FS and the Proposed Plan.

Another criterion that will be used for this evaluation is the net environmental benefit
analysis (NEBA). The NEBA is a process for comparing the benefits and costs associated
with alternative remedial actions that affect the environment. The goal of a NEBA is to rank
these alternatives in terms of the net benefits realized from their implementation. A NEBA
was first used by EPA and the National Oceanic and Atmospheric Administration. It con-
sists of a set of techniques and tools for comparing the benefits of alternative land uses
and/or remedial actions that affect the environment.

Site Characterization and Contaminant Distribution

Site 17 occupies a low, gently sloping grassland of approximately 500 acres adjacent to

Best Slough. Site 17 is located within an area designated as a “riparian habitat preservation
area” in Beale AFB’s Integrated Natural Resources Management Plan (U.S. Army Corps of
Engineers, 1999). A habitat preservation area is designated to protect unique, rare, and
otherwise important habitats. The important habitats within Site 17 include riparian habitat
and areas of forest, scrub, and marsh habitat along the waterways.

Best Slough flows along the north side of the site, bends in a southerly direction, and con-
tinues to flow along the west side of the site. Dry Creek flows to the south along the east
side of the site. The streams are hydraulically connected to the groundwater system. During
the summer months, the groundwater generally flows into the streams. In the winter
months, during storm episodes, the streams recharge the groundwater. Parks Lake, a rela-
tively small and shallow lake, is located in the center of the southern area of Site 17, between
Best Slough and Dry Creek (see Figure ES-2). The site is fenced but accessible via a network
of dirt roads.

An IRA was implemented in 2001 to control the primary sources of contamination at Site 17.
The primary feature of the IRA was the construction of a slurry wall around the source area
to prevent further spread of contaminants (see Figure ES-2).

Further information about the location or physical features of Site 17 can be found in the
Final Site 17 RI Report (CH2M HILL, 2004a).

Geology

The geology at Site 17 is characterized by an approximate 35-foot-thick alluvial layer,
predominantly consisting of sand with discontinuous layers of clay and silt, that overlies a
competent siltstone/claystone bedrock. This alluvial layer extends throughout the site with
a saturated sand zone that is approximately 20 feet thick. Bedrock at the site is generally
encountered at depths of 30 to 35 feet below ground surface (bgs) (northwest area is 50 feet
bgs) and consists of a dark competent siltstone/ claystone. A layer of weathered bedrock (of
varying thickness up to 2 feet) is often present above the competent siltstone/claystone. The
alluvium is mainly restricted to a basin that contains Best Slough and Dry Creek. A descrip-
tion of the regional hydrogeology and a detailed description of hydrogeology at Site 17 can
be found in the Basewide Hydrogeologic Characterization Report (Law Environmental, Inc.,
1998) and in Section 3.0 of the Final Site 17 RI Report (CH2M HILL, 2004a).
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Hydrogeology

Beale AFB is located along the eastern margin of the Sacramento Basin Hydrologic Area as
designated by the California Department of Water Resources (Law Environmental, Inc.,
1998). Regional recharge sources include the Yuba, Bear, and Feather Rivers and mountain
front recharge from the east.

Groundwater flow directions and gradients at Site 17 are primarily driven by the interaction
between surface water and groundwater. Local sources of recharge to Site 17 include Best
Slough, Dry Creek, Hutchinson Creek, Parks Lake, precipitation, and applied water.
Throughout the year, groundwater flow is generally parallel to the streams, which is mainly
to the south throughout the site. South and east of Best Slough, the horizontal groundwater
gradient is approximately 0.003 foot per foot. This shallow gradient is primarily controlled
by the surface water elevations in Best Slough and Dry Creek that bound this part of the site
to the west and east, respectively.

Groundwater contours west of Best Slough also indicate a gradient toward the west (about
0.02 foot per foot) along the regional gradient that prevails at Beale AFB. According to
groundwater modeling (HydroGeoLogic, Inc., 1999) and groundwater elevation measure-
ments, the geologic materials below the ridge that lies to the west of the site are lower in
permeability than the alluvial sediments along Best Slough and Dry Creek. Therefore,
groundwater predominantly flows parallel to the streams and east of the ridge. The ridge
gradually diminishes in size to the south, and, near the Base boundary, groundwater is
believed to resume a westerly flow direction.

Nature and Extent of Contamination

The primary source area at Site 17 is near 11 shallow disposal trenches discovered at the site
in 1985. The drums presumed to be the sources of contamination have been removed, and
the slurry-wall IRA is currently controlling soil and groundwater contamination in this area.
A secondary source area has been identified south of the slurry-wall-contained area. Pri-
mary contaminants at the site include chlorinated volatile organic compounds (VOC) and
fuel-related compounds that originated in the source areas.

Trichloroethylene (TCE) is the most widespread chlorinated VOC at the site. Soil and soil
vapor contamination at Site 17 are limited to the primary and secondary source areas. High
concentrations of chlorinated VOCs and fuel-related compounds (total petroleum hydro-
carbon [TPH]) have historically been detected in soil and soil vapor within the slurry wall.
The sources of contamination have been removed, and the primary source area has been
regraded and filled as part of the slurry-wall construction project. Recent soil and soil vapor
sampling activities have focused on areas outside the wall because the slurry wall is
preventing migration of contaminants outside the wall.

The soil and soil vapor near the secondary source area were investigated in 2002 and 2003.
Passive soil vapor surveys were used to determine the locations of chlorinated VOCs in soil
and groundwater with the highest concentration. The results of the passive soil vapor
surveys defined the known extent of the secondary source area. Monitoring wells were
constructed in 2002 and 2003, and located using the soil vapor survey results. The maximum
concentration of TCE in soil vapor samples collected near the secondary source area is

4,680 parts per billion by volume (ppbv) in a sample collected at 1 foot bgs. TCE was also
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detected at 3,840 ppbv in a soil vapor sample collected from 10 feet bgs in the secondary
source area, which suggests that soil vapor contamination extends to the water table.

Concentrations of TCE in groundwater at both the primary and secondary source areas
suggest the presence of dense nonaqueous-phase liquids (DNAPL) in the subsurface. The
TCE contamination has migrated south of the source area as evidenced by low concentra-
tions detected near Parks Lake approximately 4,000 feet south of the source area. The most
recent data demonstrate that the groundwater concentrations of TCE outside of the slurry
wall exceed the maximum contaminant limit (MCL) of 5 micrograms per liter (ug/L) at

10 locations extending as far south as 1,000 feet south of the slurry wall. TCE has also been
detected at concentrations well below the MCL in the surface water of Parks Lake, Dry
Creek, and Best Slough. The most recent data set shows that TCE was only detected in two
surface water samples at Parks Lake at concentrations of 0.2 and 0.09 pg/L.

Several other chlorinated VOCs and fuel-related compounds have impacted groundwater at
Site 17. These other compounds also show higher concentrations near the source areas and
decreasing concentrations with distance away from the sources.

The vertical distribution of contaminants generally encompass the entire saturated thickness
of the alluvial water-bearing unit at Site 17. Contaminants have not impacted the saturated
bedrock aquifer. This is supported by data collected from dual-completion wells that have
been constructed at the site to collect information on the vertical distribution of
contaminants.

Conceptual Site Model

A conceptual model is a three-dimensional representation of a site that conveys what is
known or suspected about contamination sources, release mechanisms, and the transport
and fate of those contaminants. The conceptual model provides the basis for understanding
contaminant fate and transport issues and assessing potential remedial technologies at the
site.

Groundwater flow at Site 17 is complex because of the presence of Best Slough and Dry
Creek and the precipitation pattern throughout the year. The groundwater flow directions
and gradients at Site 17 vary seasonally and are primarily driven by the interaction between
surface water and groundwater. A pathway exists for groundwater containing TCE to
discharge to Best Slough; however, because TCE is not persistent in surface water, it is
rarely detected in samples from Best Slough.

Parks Lake is sustained by groundwater discharge. There is no surface water inlet to Parks
Lake during times of normal stream flow. A shallow ditch could allow water from Best
Slough to flow into Parks Lake; however, this ditch would not convey water except during
flood flows. Thus, the surface elevation of Parks Lake is the same as the groundwater
elevation near the lake. During the summer, evaporation from Parks Lake and evapo-
transpiration from the surrounding trees removes a substantial quantity of groundwater
from the alluvial aquifer at Site 17. TCE is commonly found in surface water samples from
Parks Lake because of the discharge of groundwater to the lake.

Since 1999, the groundwater contaminant plume, as indicated by the 5-ug/L contour line for
TCE, appears to have decreased in size in the southern portion of the plume and increased
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in size to the west (Section 5.0 of the Site 17 RI contains a more detailed description of plume
dynamics). Concentrations greater than 5 pg/L have recently been detected west of Best
Slough in one monitoring well (17C001MW).

Contaminant migration from the primary source area has been controlled by the slurry wall
installed in early 2001 as part of the IRA. A review of the water level and pumping data
show that the slurry wall is performing as designed to hydraulically contain the primary
source area. The secondary source area remains uncontrolled and continues to contribute
VOC:s to the dissolved plume.

Contaminants of Concern

In support of the Site 17 RI Report (CH2M HILL, 2004a) a human health risk assessment
(HHRA), ecological risk assessment (EcoRA), and water resource assessment (WRA) were
conducted to determine the relative risks posed by contaminants present at Site 17.

Table ES-1 contains the list of COCs that were determined to pose an unacceptable risk to
human health or the environment. It is noted that there are currently no significant human
health or ecological risks posed by contamination within Site 17. However, three ground-
water contaminants were found to pose an unacceptable risk under the future scenario that
drinking water wells were to be installed at Site 17. The hypothetical location of such wells
was on the western boundary of Site 17 outside the 100-year floodplain. All other COCs
were identified COCs on the basis of current or potential impacts to groundwater quality.

TABLE ES-1
Contaminants of Concern
Site 17 Feasibility Study, Beale Air Force Base, California

Environmental Media Impacted

coC HHRA EcoRA WRA
1,1,1,2-TeCA NA NA Groundwater
1,1,2,2-TeECA Groundwater NA Subsurface soil and groundwater
1,1,2-TCA NA NA Subsurface soil and groundwater
1,1-DCE NA NA Groundwater
1,2-DCA NA NA Groundwater
Carbon Tetrachloride NA NA Groundwater
cis-1,2-DCE NA NA Groundwater
Chloroform NA NA Groundwater
Methylene Chloride NA NA Groundwater
PCE Groundwater NA Groundwater
trans-1,2-DCE NA NA Subsurface soil and groundwater
TCE Groundwater NA Subsurface soil, surface water, and groundwater
Vinyl Chloride NA NA Groundwater
TPH-D NA NA Groundwater
Manganese NA NA Surface water, sediment, and groundwater
Notes:
DCE = dichloroethylene
DCA = dichioroethane
NA = not identified as a COC in the respective risk assessment and media
PCE = tetrachloroethylene
TCA = trichloroethane
TPH-D = total petroleum hydrocarbon as diesel
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Remedial Action Objectives

Remedial Action Objectives (RAOs) are statements that define the extent to which sites
require cleanup to protect human health and the environment. RAOs reflect the COCGCs,
exposure routes and receptors, and acceptable contaminant concentrations (or range of
acceptable contaminant concentrations) for each medium of concern at Site 17.

The general RAO:s for Site 17 and other contaminated sites at Beale AFB include the
following:

* Protect human health and the environment by reducing the risk of potential exposure to
contaminants.

* Expedite cleanup and restoration of contaminated sites.

* Restore contaminated sites to the extent necessary to support existing and proposed
land uses.

® Achieve compliance with ARARs.

The RAOs specific to the Site 17 FS are as follows:

e Continue to operate, maintain, and monitor the slurry-wall containment and pumping
system to prevent the migration of groundwater contaminants away from the primary
source area, thus minimizing further degradation of groundwater quality.

* Restore the quality of groundwater at the site, to the extent technically and economically
feasible, such that groundwater is acceptable for designated beneficial uses. Beneficial
uses include municipal and domestic water supply, agricultural supply, industrial
service supply, and industrial process supply.

* Control and monitor the migration of groundwater contaminants to minimize expansion
of the dissolved-phase plume.

* Protect human health by preventing exposure to contaminants in groundwater that
would result in an increased lifetime cancer risk greater than 1 x 10° or a hazard index
greater than 1 under a residential exposure scenario.

* Prevent the migration of contaminants from soil to groundwater at concentrations that
would result in further degradation of groundwater quality or would cause
noncompliance with ARARSs.

Performance Criteria

To meet the RAOs established for the site, performance criteria are established to develop
conceptual designs and cost estimates for the remedial alternatives. Because there are no
remedial alternatives that can reliably remediate DNAPL within Areas A and B in a
reasonable time, performance criteria are established separately for remedial alternatives
that are ARAR-compliant versus noncompliant alternatives. Noncompliant alternatives
(e.g., containment) will require an ARAR waiver on the basis of technical impracticability
from an engineering perspective.
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Performance Criteria for ARAR-Compliant Groundwater Alternatives

The performance criteria for ARAR-compliant groundwater alternatives evaluated in this
FS, such as those evaluated for cleanup of the distal portion of the plume, are based on the
state primary MCLs referenced in the California Code of Regulations, Title 22,

Section 64444.

Remedial alternatives applied to the dissolved plume at Site 17 (Area C) will be designed to
meet MCL concentrations in groundwater within a reasonable time.

A monitoring program capable of demonstrating conformance with the above performance
criteria will be an element of each remedial alternative that is designed to restore
groundwater to the MCLs.

These criteria apply to remedial alternatives for Area C and remedial alternative in Area B
that do not include a containment component.

Performance Criteria for Containment Alternatives

Containment alternatives will not be designed to achieve the soil vapor or groundwater
criteria described herein. Rather, the objective of containment alternatives is to be protective
of human health and the environment, and protect water quality outside of the containment
zone. The performance criteria for containment alternatives are as follows:

¢ No migration of contaminants outside of the containment zone, either horizontally or
vertically that would:

— Cause an increase in contaminant concentrations in soil, groundwater, or surface
water outside the containment zone; or

— Cause uncontrolled exposure to contaminants.

A monitoring program capable of demonstrating conformance with the above performance
criteria will be an element of each remedial alternative that is designed to provide contain-
ment of contaminants.

Additionally, it is expected that containment alternatives will meet the criteria for attaining
a waiver from groundwater cleanup ARARSs on the basis of technical impracticability from
an engineering perspective.

These criteria apply to all remedial alternatives evaluated for Area A and containment
alternatives evaluated for Area B.

Performance Criteria for Soil Remedies

The existing soil vapor extraction (SVE) systems at other ERP sites within Beale AFB are
operated to mitigate chlorinated VOC contamination in soil and soil vapor. Performance
criteria for these systems were previously developed as part of the long-term operation and
maintenance (LTO&M) for Beale AFB IRAs (CH2M HILL, 2004b). The LTO&M criteria were
calculated to ensure that soil contamination does not contribute to the exceedance of MCL
concentrations in groundwater. Subsequently, the California Regional Water Quality
Control Board (RWQCB) has approved shutdown criteria for similar SVE systems installed
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at McClellan Air Force Base that provide decision factors for SVE system shutdown based
on scientific, economic, and engineering judgement. Both of these existing SVE system
criteria are used in this FS as performance criteria for soil remediation alternatives. For
example, the soil vapor cleanup level for TCE is 350 ppbv, unless it is demonstrated that it is
technically and economically infeasible to achieve such a level.

The soil performance criteria apply to active soil remediation alternatives.

Performance Criteria for Surface Water

TCE and manganese were identified in the Site 17 RI as COCs in surface water. The surface
water performance criterion for TCE in surface water is 2.7 ug/L, which is derived from the
California Toxics Rule (see Table 3-1). California Toxics Rule criteria are not applicable for
manganese, and the background concentration of 93 ug/L (LAW, 1997) exceeds the
secondary MCL of 50 ug/L. As explained in the Site 17 RI, elevated manganese
concentrations in surface water are likely the result of natural geochemistry in combination
with reducing conditions in sediments from naturally occurring organic debris. No active
remediation of manganese in surface water is necessary to achieve RAOs and therefore, no
performance criteria are established here.

According to surface water data collected over the past 2 years at Parks Lake, Dry Creek,
and Best Slough, no surface water at Site 17 currently exceeds the preliminary cleanup goals
for TCE of 2.7 ug /L. Thus, no active remediation of surface water is warranted.

Development of Remedial Alternatives

Remedial alternatives were developed by assembling remedial technologies and repre-

sentative process options identified and screened in the technology screening process of
the FS.

Remedial alternatives were developed on the basis of site-specific consideration primarily
related to the nature of the COCs and their concentration and state (i.e., DNAPL versus
dilute dissolved-phase concentrations), geology, and hydrogeologic conditions. Ground-
water has been impacted in all three areas outlined below, whereas, only Area A and B soils
have been impacted. Area A has an operating interim remedy that includes a containment
slurry wall, groundwater capture and treatment system that uses air stripping and granular-
activated carbon, and a phytoremediation system to extract groundwater. The IRA was
designed to remediate COCs in soil and groundwater.

All of the remedial alternatives for Area A, except no action, include continued operation of
the IRA. Appropriate land use controls are a component of each remedial alternative
evaluated.

A summary of the remedial alternatives developed for each of the three target areas of
Site 17 are summarized in Table ES-2.
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TABLE ES-2
Description of Remedial Aliernatives
Site 17 Feasibility Study, Beale Air Force Base, California

Area C

Groundwater
GW-A1 - No Action: No actions taken.

GW-A2 - Slurry Wall, Pump and Treat, and Phytoremediation (Existing IRA): This
alternative is the current IRA that was implemented in 2000 to control discharges to
groundwater from the source area solvent contamination at Site 17 and to prevent
further surface water impacts to Best Slough.

GW-A3 - Injection with Emulsified Zero Valent iron (EZVI): EZVI would be injected
using several injection points into the zone known to contain DNAPL. A pilot test would
be used to evaluate the success and benefit of the technology. According to the current
understanding of DNAPL at Area A, DNAPL covers about 2 acres, and DNAPL mass is
approximately 20 to 30 tons. Assuming a radius of influence of 30 feet, 100 injection
points would be needed to deliver approximately 80 to 120 tons of EZVI into the DNAPL
source area.

GW-A4 - Biostimulation/Bic 1: The injection system required for
biostimulation alternatives would be very similar to that of the Alternative GW-A3. A pilot
test would be used 1o evaluate success and benefit of the technology. Assuming a 30-
foot radius of influence for injection, 100 injection points would be needed 1o deliver
approximately 100 to 150 tons of emulsified vegetable oil (EVO) into the DNAPL source
area. It is estimated that the oil would be injected every 3 to 5 years (15 to 30 tons per
injection) for approximately 15 to 20 years of operation.

GW-AS - Zero Valent Iron (Ferox™ Process): Powdered ZVI would be injected under
pressure using several injection points into the zone known to contain DNAPL. A total of
275 injection points would be used to pneumatically fracture the subsurface to 30 feet
bgs and 1o inject a siurry of iron in the areas of greatest concentration in Area A. These
injection points would deliver approximately 2,000 tons of ZVI to the DNAPL.
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Area B
Groundwater
GW-B1 ~ No Action: No actions taken.
GW-B2 - Biosti ion/Bi ion: A number of injection points (0.75 1o 1.0

inch) would be used to deliver emulsified oil into the groundwater within Area B.
Assuming a radius of influence of 30 feet, approximately 100 injection points would be
needed to deliver approximately 5 to 7 tons of EVO every 3 to 5 years into the
contaminated groundwater over a 15- to 20-year period.

GW-B3 ~ Groundwater Extraction and Treatment: Five new extraction wells would be
constructed within Area B. A treatment plant designed to treat approximately 20 to 24
galions per minute is required. The treatment plant would be designed to handle high
concentrations and treat the groundwater via air stripping and granular-activated carbon.
Treated water would be pumped to Parks Lake for discharge, resulting in little to no net
loss of water levels in this important ecological area.

GW-B4 - Permeable Reactive Barrier: A PRB containing ZV| would be constructed on
the south side of the existing slurry wall encompassing Area B. The constructed barrier

would encompass an area of about 2 acres, have a perimeter approximately 700 to

900 feet long, and consist of both sturry wall and gates with ZVI/sand mixtures. At

Area B, the PRB would be installed using conventional trenching to a depth of about 30
to 35 feet bgs. Groundwaler passing through the PRB would be treated 1o meet cleanup
goals required by ARARs.

GW-B5 - Slurry Wall, Pump and Treat, and Phytoremediation: This alternative is an
extension of the Area A IRA and makes use of the existing treatment plant. The new
slurry wali would encompass an area of about 2 acres in Area B. Some fill/soil materi
would be required to bring the land surface up to the existing IRA elevation. Alternative
GW-BS includes planting the area with perennial herbaceous vegetation and shrubs.

GW-B6 ~ Electrical Resistive Heating: The ERH electrodes conduct electrical current
into the subsurface and are designed to input electrical energy at the targeted depth
intervat. This depth would be approximately 25 to 30 feet bgs at Area B. Each electrode
is connected to one of the three electricat phases and would conduct current to every
electrode that is adjacent to it. Resistance by the subsuriace environment to this flow of
electrical current uniformly heats the soil and groundwater between the electrodes and
releases contaminants. Approximately 40 to 45 six-sided ERH cells would be needed to
treat Area B.

GW-B7 - Excavation: An average excavation depth of 35 feet was assumed for the
removal of contaminated soils and groundwater within Area B. This area extends

260 feet south of the slurry wall and 376 feet long, parallel to the slurry wall. Excavation
would involve removing approximately 115, 000 to 125,000 cubic yards of soil.
Temporary groundwater extraction would be required during excavation to dewater the
zone of excavation. The extracted groundwater could be treated with the existing
treatment system at Area A it possible.

Soil
S-1 ~ No Action: No actions taken.

S-2 ~ Soil Vapor Extraction: A total of five vertical SVE wells or two horizontal wetls
would be installed for remediation of TCE and PCE, and any potentia! volatile petroleum
hydrocarbons in site soils. Offgas would be treated using granular-activated carbon.

S-3 — Phytoremediation: Herbaceous vegetation and water-tolerant shrubs would be
planted over a t-acre area of Area B.

Groundwater
GW-C1 -~ No Action: No actions taken.

GW-C2 — Monitored Natural Attenuation (MNA): Existing and two new monitoring
wells would be used to evatuate MNA at the midpoint and the distal portions of the TCE
plume in Area C. TCE time series plots from these wells would be used to evaluate the
significance of MNA in the mid to distal portions of the plume and to show a trend in
MNA evaluation parameters. Cleanup goais are ultimately achieved through naturat
attenuation processes.

GW-C3 - Biostil /Bi tation (Biobarrier): The biobarrier would be
approximately 1,000 leet long along the downgradient edge of the plume and contain a
total of approximately 23 injection wells. The injection wells would be left in place to
facilitate multiple injections of a long-term donor such as EVO. An alternative approach
would be an active crossgradient recirculation biobarrier. This would consist of six
extraction wells and fifteen injection wells. Groundwater passing through the barrier is
treated to cleanup levels.

GW-C4 - Groundwater Extraction and Treatment: A total of nine new extraction
wells would be constructed in Area C. A treatment plant designed to treat approximately
50 1o 60 gallons per minute of extracted groundwater would be constructed. The
treatment plant would be designed to handle low loading rates (average concentrations
of chiorinated VOGs area less than 75 pg/L. To prevent dewatering of the surface water
bodies, treated water would be pumped to Parks Lake for discharge resulting in little net
loss in this area.
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Comparison of Remedial Alternatives

Remedial alternatives developed and presented in Table ES-2 were evaluated for their
performance against the seven CERCLA evaluation criteria and the results of the NEBA.
Tables ES-3 through ES-6 provide a summary of the remedial alternative’s performance. A
letter ranking (A, B, or C) was assigned to each alternative and each criteria, with “A”
indicating the best performance, “B” indicating moderate performance, and “C” denoting
poor performance. The letter rankings are modified with “+” or “-” to denote more subtle
variations in the alternative’s ability to meet the criteria. Table ES-7 provides a summary of

the estimated costs for each of the remedial alternatives.

Area B Soil Alternatives

When evaluated against the CERCLA criteria, all of the soil alternatives evaluated, includ-
ing No Action, are generally equal in their overall performance. This is because soil
remediation was evaluated primarily to determine if it would significantly enhance
groundwater restoration, which is not a CERCLA evaluation criterion. Provided an
appropriate remedial strategy for groundwater is selected for Area B, the decision to select
an active soil remedy will likely be based on factors other than risk reduction and CERCLA
criteria. Such factors include the overall cost of groundwater restoration, with or without a
soil remedy component. If a containment remedy is selected for Area B, which is likely,
based on the evaluation, then an active soil remedy will have little benefit.

The results of the NEBA support no action for soils because risks would remain unchanged
under each of the active alternatives, and the costs of enhanced groundwater restoration
provided by an active soil remedy exceed the benefits by an unreasonable amount.

Area A Groundwater

The Area A groundwater alternative with the best overall performance against the CERCLA
evaluation criteria is continued operation of the existing interim remedy. Although the other
alternatives evaluated did provide enhanced mass removal, they would not be able to
restore groundwater to the quality required for beneficial uses (due to significant DNAPL)
and did not provide significant risk reduction. The No Action Alternative is not an
appropriate remedy for Area A because it does not meet threshold criteria for protection of.
human health or the environment and would not meet ARARs or qualify for an ARAR
waiver.

The NEBA results also favor Alternative GW-A2. The enhanced mass removal provided by
the other alternatives does not provide any risk reduction or an increase in human use or
ecological services that would justify the significant costs that would be incurred.

Area B Groundwater

The two slurry-wall containment remedies evaluated for Area B (Alternatives GW-B4 and
B5) provide the best overall performance against the CERCLA criteria. Because of the
presence of DNAPL in Area B, treatment or removal alternatives are not as reliable for
protecting downgradient groundwater from further degradation. If any DNAPL were to
remain after treatment or removal, which is likely, based on the limitations of technology,
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residual risk to groundwater resources would continue to be unacceptable in Area B.
Therefore, Alternatives GW-B2, GW-B6, and GW-B7 were judged to have lower overall
performance than Alternatives GW-B4 and GW-BS. Although the pump and treat
alternative (GW-B3) provides containment, its cost and uncertainty of complete capture of
contaminants resulted in lower overall performance than the slurry-wall alternatives. The
No Action Alternative is not an appropriate remedy for Area B because it does not meet
threshold criteria for protection of human health or the environment and would not meet
ARARSs or qualify for an ARAR waiver.

As with Area A, the NEBA determined that the differences in human health or ecological
risk reduction among Area B alternatives is insignificant. Alternatives GW-B4 and GW-B5
resulted in the greatest net benefit, with Alternative GW-B5 having the lowest ecological
service loss, and Alternative GW-B4 having similar, but lower cost than Alternative GW-B5.

Area C Groundwater

As with Areas A and B, the No Action Alternative for Area C groundwater does not meet
threshold criteria for protection of human health and the environment or compliance with
ARARs. On an overall basis, the remaining alternatives evaluated met the CERCLA criteria
equally well. Although MNA has the potential to have the best overall performance,
additional data are necessary to conclude its effectiveness against the CERCLA criteria.
Because of this uncertainty, MNA was ranked slightly lower than the more active alterna-
tives with respect to protection of human health and the environment, short-term effective-
ness, and reduction of toxicity and mobility. However, the low cost of MNA and its
relatively high performance against other criteria make MNA as effective overall as the
other treatment alternatives. If, based on additional data, MNA is determined to be effective
in maintaining a nearly static or shrinking contaminant plume, the overall performance of
MNA would exceed the performance of extraction and treatment and biobarrier remedies.

According to the NEBA, there would be no change in the human health or ecological risk
profiles under all four remedial alternatives developed for groundwater in Area C.
However, Alternative GW-C1 would not protect against potential future impacts to
groundwater resources. All alternatives had very similar human-use service gains and
ecological service loss, which suggests the lowest cost alternative results in the greatest net
benefit. Because no action does not comply with ARARs, MNA is the best choice based on
NEBA.

Next Steps

This FS provides information to the Air Force and other stakeholders necessary to select the
most appropriate remedial action for Site 17. Beale AFB, with consideration of input from
the Department of Toxic Substances Control, RWQCB, and other stakeholders, will select
the preferred alternatives for Site 17 and document the selection in a Proposed Plan. The
Proposed Plan will be subject to public review and comment. Following consideration of
public comments, the final remedy for the site will be documented in a ROD. The final
remedial design and remedial action for Site 17 will be performed in accordance with the
requirements contained in the ROD.

XV RDD/033500005 (CLR2731.DOC)



TABLE ES-3

Soil Comparative Analysis Matrix - Area B {Secondary Source Area)
Site 17 Feasibility Study, Beale Air Force Base, California

Threshold Criteria Balancing Criteria
Estimaled Net Present Vaiue/
Protection of Health and the Long- and in Toxicity, Mobility, or Totat Cost
ive Major Comp [ with ARARSs Volume Short-term NEBA Anatysis i)
Aternative S-1 — No Action None B — Current risks because of sol A~ No ARARSs are dentified that B~ Natural attenuation would play G - Reduction of toxicity would ocour. B — No remedial actian would occur; A - Alernative is implementable.  There woukd be no change in human A — $0. Reler to Table 6-7 fora

Aiternative S-2 - Soil Vapor
Extraciion

Alternative S-3 -
Phytoremediation

Vertical SVE welis would be
installed and treated with GAC
discharge

Herbaceous vegetation is
planted at the surface to
degrade/extract VOCs.

contamination are within acceptable
ranges, assuming groundwater is
addressed

fequire soit cleanup provided that risk
levels remain acceptable and a
groundwater remedy is implemented.

A — Residual risk, although currently A - This alternative would comply

some rols in the lang teim, aithough it Mass and volume coukd occur
would not be documentad. naturally, but could nol be evaiuated

therefore, there are no additionat
impacts resuiting from

because no i is

ot

B -~ Alternative wouid be effeciive 8 - Reduction of toxicity occurs

RAGs would not be achieved

B - Soil vapor extraction can be

while table is low.

acceptable, would be reduced further with all ch - and specili
by contaminant mass removal. ARARSs.

A- - Residual risk, although currently A - Atternative would compty with alt
acceptable, would be reduced further chemical- and action-specitic ARARs.
by contaminant mass removal

though SVE and
Altgrnative would not be effective

when water table is high (winter

months).

B+ — Alternative can be effective for B+ — VOCs are treated to
longer than SVE it plants
are used.

in the
root zone or are vented to the
atmosphere for photodegradation.

within a one year time
and is immediately effective once
implemented.

B - Ahernative takes more time than
SVE to be effective (6 months).

B — Alternative can be implemented,
siting well depth/screen will be a
chailenge because of water table
fuctuations.

A- ~ Ahemative is implemantable;
phytoremediation is used as part of
the IRA.

health or ecological risk protiles.
Thare would be no ecological
services losses (note: there are no
human-use services for soif).

No change in risk profiles, but future
axposure raduced at a loss of only
0.1 dSAYs (1 percent) of ecological
services compared to no action.

No change in risk profiles, but future
exposure reduced. Phytoremediation
portion of this akemative provides an
‘ecological services benefit of 5.6
dSAYs (34 parcent increase in
services over no action)

summary of costs and Appendix D for
a detailed cost breakdown.

8- $1.1 MM Cosi is moderate,
Refer to Table 6-7 for a summary of
costs and Appendix [ for a detalad
cost breakdown.

B - $1.2 MM Refer to Table 6-7 for a
summary of costs and Appendix D for
a detailed cost breakdown,

Notes:

Letter symbols appearing before critenon explanation are a relative ranking of how welt the alternative meets the specific criteria objectives. *A® is the highest rank, “B* is a mediurm rank, and *C* is the lowest rank

“+" and *-* symbols are modifiers (o letter rank, with “+* representing "better satisfies Critarion than no modifier* and *-* representing “satisfies criterion slightly poorer than no modifier.*

MM = x §1 million

RDD/043220003 {CLA2099 xls}
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TABLE ES-4

Groundwater Comparative Analysis Malrix - Area A (Primary Source Area)
Site 17 Feasibitly Study, Beale Air Force Base, California

Remedial Allernative

Major Components

Threshold Crileria

Criteria

Protection of Health and the
Environment

Compliance with ARARs

Long-term Effectiveness and
Permanence

Reduciion in Toxicity, Mabitity, or
Volume

Short-lerm Effecliveness.

NEBA Analysis

Estimated Net Present Value/
Total Cost

(0]

Alternalive GW-A1 - No Action

Afternative GW-A2 - Sturry Wall, Pump
and Treat, and Phyloremediation
(Existing IRA}

Allernative GW-A3 - injection with
Emulsified Zero Valent lron

Alternative GW-A4 —

Nane

A sluiry wall encompassing 5 acres
waould be installed and keyed o

C -~ Criterion is not met. Contaminant C — Alternative would not comply with

would be allowed 1o migrate away
tiom the contained area.

A — Risks 10 human health and the
environment are controlled with

bedrock at 35 teet bgs.
extraction and treatment would use
GAC. Phytaremediation (trees) is
used to help reduce the reliance on
the pump and reat system

A vegetable oil-ZVI is injected into the
ONAPL zones to facititale reductive
dechlorination,

Anin situ nutrient (edibie carbon

Allernalive GW-AS - Zero Valent lron
Ferox™ Pracess

is added and possitle
microbiat consortia additions are
made to stimutate biological seduction
of VOCs to ethene.

2Viis injected into the DNAPL zone
using preumatic injection Yacturing 1o
provide space for the iron in the
subsurtace. A number of weils or
boreholes are used 1o inject the ZVI

current
system

A — Risks to human heath and the
environment are controtied with
curient containment/extraction
system. EZV! is used 1o enhance
treatment of DNAPL.

A= Riisks 1o human health and the
environment are contralled with
current containmenvextraction
system. Enhancement of DNAPL
freatment occurs via biologicalty

enhanced reductive dechiorination.

A - Risks Lo human health and the
environment are controlled with
cufrent containment/extraction
system. ZVI would enhance the
treaument of DNAPL via abictic
reductive dechlosination

ARARS requiing restoration of the
beneficial uses of groundswater and
of further of

C - Any identified risk would not be
diminished. Without operation of the
IRA system, turther impacts o

and surface water are

groundwater. Afternative wouki not tuttil
groundwater monitoring requirements.

B~ Altemative would niot meet groundwater
quality established by ARARs, but woulkd
meet criteria for an ARAR waiver based on
.

8- Alternative would not meet groundwater
quality established by ARARS, bul would
meet critenia for an ARAR waiver based on
i

B~ Aternative would nol meet groundwater
quality established by ARARS, but would
meet criteria tor an ARAR waiver based on
W

8 - Aemative would not meet groundwater
quality established by ARARS, but would
maet crilena for an ARAR waiver based on
i

Hkely.

B - Very effective because TCE
DNAPL is contained and water levels
are m:
to provide an inward gradient.

B+ - EZVI can treal free-phase TCE
BNAPL sffectively provided that
enough iron can be distributed 10 the
DNAPL source

8+ - Aternative can be very effective
provided biostimutation can be
implemented effectively within target
areas. Eective carbon substrale
mixing is the greatest challenge.

B+ ~ Source-zone treatment could
increase liketihood of achieving
cleanup goals within intermediate
cleanup time frame. Atlernative has
smal potential ta impact existing
phytosemediation system,

C - The IRA system would be stnt down
and no active treatment conducted.
Reduction in mass or volume would only
occur by natural ion, but would not

€ - No remedial action would occur,
theretore, no additional impacts
would resul from implementation of
RAOs woutd nof be

achieve RADs.

8- - Reduction of toxicity occurs though
exraction and removal of groundwater-
bearing TCE. This wik take time to make an
impact on foxicity or mass and voluma
reduction. Other areas outside the slurry
wall are protected.

B+ - VOCs are treated 10 nonregulated
ethene/ethane, thereby reducing toxicity,
mability, and mass of impacted
groundwater through both abiotic and biotic
reductive dechlofination. This will take time
10 be etfactive.

8+~ Chlorinated VOCs and hydrocarbons
are treated to nonregulated ethena/ethane,
thereby reducing toxicity, mobi
mass of impacted groundwater over the
long term. In situ treatment woukd be an
enhancement 1o exiraction alone. However,
given the mass of DNAPL, it would still 1ake
a great deal of time for significant mass
reduction to occur.

A~ Altlemative has ihe polential to
significantly recuce mass and toxicity and
possibly volume of impacted aquier.
Groundwaler extraction provides adddional
reduction in toxicity, mobility, and voume

achieved.

A This remady is ahready in place
and requires no construction
activities.

8 - Alternativa is an enhancement lo
the current IRA, thus comainment
system is in place.

B - Alternalive is an enharicement to
the current IRA, thus containment
system is in place.

B - Aernalive is an enhancement to
the current IRA, thus containment
system is in place,

A~ Atemative is implementable.

A - Alternalive is implementable and
currently operating.

A- Altemative is implementable with
the use of several injection wells.

A~ Aternative is implementable.
New injection and possibly new
extraction wells would be neaded.

B+ - Alemative can be implemented
using several injaction wells for
injection of 2V under pressure.

No change would occur in human
health or ecological risk profiles, but
frture exposure would not be
reduced. There would be a $25,000
human-use services loss, but no

ecolopical services j0sses.

No change would occur in risk
profiles, afihough future exposure
would be is reduced. There would be
2 $25,000 human-use services loss,
but no ecological services losses.

No change would ocour in risk
profiles, aithough huture exposure
would be reduced. There would be a
$25,000 human-use services loss
and 42.6 dSAY ecological services
loss (26 percen reduction compared
1o na action).

No change would occur in fisk
profiles, atough future exposure
would be reduced. There would be a
$25,000 human-use services 10ss
ana 50.8 dSAY ecological services
Toss (30 percent seduction compared
t0 no action)

No change woulkd occur in risk
profites, although future exposure
would ba reduced. There would be a
$25,000 turman-use services loss
and 12.6 dSAY scologicat services
loss (8 percent reduction compared
10 o action).

A - $0. Reter to Table 6-7 for a
summary of cosis and Appendix D for
2 detadled cost breakdown.

B+ —$4.3 MM. Reter 10 Table 6-7 for
a summary of costs and Appendix 0
lor a detailed cost breakdown.

C —$8.0 mition. Refer 1o Tatle 6-7 for
a summary of costs and Appendix D
for a detailed cost breakdown.

C - $7.1 MM. Refer 10 Table 67 fora
summary of costs and Appendix D for
a detaited cost breakdown

C-~$11.8 MM. Refer 10 Table 6-7 for
a summary of cosis and Appendix D
for a detaked cost braakdown.

Notes:

Letter symbols appeanng before ciiterion explanation are a relative ranking of how well the altemative meets the specific criteria objectives. A" is the highes! rank, “B” is a medium rank, and "C" is the lowest rank

“+" and " symbols are modifiars to leter rank, with *+* representing “better safisties criterion than no modiier” and "-* representing “satisfies criterion slightly poorer than na moditier.”

MM = x $1 miliion

RDD/043220003 (CLAZ099 x1s)
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TABLE ES-5
Groundwater Comparative Analysis Matrix - Area B {Secondary Source Area)
Site 17 Feastbility Study, Beale Arr Force Base, Califomia

Remedial

Threshold Criteria

Balancing Criteria

Protection of Hoalth and the

Major C En

Comptiance with ARARs

Aternative GW-81 - Na Action

Alternative GW-82 -
Biostimulation/Bioaugmentation

GW-B3

None

waould not be contained and could
affect alner groundwaler 1esources.

C - Itis kely that RADs would not ba C ~ Allemative woukd not comply with C - Any identfied tuture risk would not be
achieved Contaminated groundwales ARARS requiring restoration ol ihe  dminishied

beneticial uses of groundwater and
prevention of lurther degradation of
high-qualily groundwater. Allernative
would not #ulfil groundwaler
moniloting requirements.

C+ -~ Risks 10 resources
would be reduced over bme wih
active reduciive dechionnation This
allernative would take time to be
protective, and woud not kikely
remove a DNAPL. Because
cantainment in not a companent of

s remedy, continuing contaminant
mugration couid occur

Altemative involves in silu carbon
substrale addilion and possibie
microbial consoriia additions o
stimulate biclogical reduction ot
VOCs lo ethene.

New extraction weks B+ - Risks 1o groundwaler would be

Exiraction and Treatment

Alternative GW-B4 — Permeable
Reactive Barrier

Afternative GW-B5 — Slurry Wall, Pump

and Treal, and Phyloremediation

Allernalive GW-B& - Electrical Resistive

Heating

Alternative GW-B7 - Excavation

would extract waler at highest reduced over Ihe long term through

Ce- cleanup levels

Aeduciion in Toxicity, Mobility, o

Long-term Effectivenass and Permanence Volume

Short-term EHectiveness Impiementability

NEBA

Estimated Net Present Vaiue/
Tolal Coxt

)

€ - No treatment processes. Reduction in
mass or volume would ocour by natural
degradation, bul would not kel achieve
AACS.

B+ - VOCs ave treated to nonregulated
. Ihereby reduting o

C - Allemative can be very efteclive
provided be

woukl not be metin a
time Because containment is Aol a
component of ihis remedy,
conlinuing Gontaminant migration
could occur.

B+ - System designed 1o comply with
all chemical- and achon-specific
ARARS of extraction

concentrations zones. Treatment of
VOGS would ocour via ais stipping or
passibly via engineered wetiands.

hydrautic and ex situ
ireaiment. Significant time would be
required fo achieve concentiations in
groundwaler proleclive of human
heatth and the enviranment without
1equiring land use conlr
monitoring

A - Risks lo human health and the
would be cantrofled
downgradient of PRE

2Vt would treat VOCs in silu at
highest area
downgradient of known DNAPL

A — Rigks 1o human healih and the
environment would be mitigaled
using wek-established site-specitic

Action is similar o Area 1 (primary
source) using contakument with a
slurry wall keyed to bedrock and

tor extraction
provides hydraulic control, preventing

managementcontrol of secondary

DNAPL source further migration.

Elecirodes would be installed into the B ~ Risks o human health and the

2one conlaining DNAPL 10 heai the  environmenl would be reduced over

subsuriace TCE would be lorced into time. IT is unikely thal sl DNAPL

the gaseous phase and captured  would be caplured with ERH

using SVE technology, leaving some fesidual
source of tree-phase TGE

Soil containing Iree-phase DNAPL
would be excavaled. Excavated soil
would be disposed ot offsiie

B — Risks to groundwaler would be
reduced or eliminaled thiough
excavation and offsite disposal
unlikely that all DNAPL would be
captured with excavalion al lhese
depihs and in bedrack

systam. Groundwaler within captura
zone would nat meet cleanup levels
in a reasonable time.

B — Ahternaiive would comply with
at chemical- and action-specitic
ARAFs in area downgradient of

PRB. Would meet Tl waiver criteria in
Area B,

B+ - Aternative would comply with
akl chemical- and action-specific
ARARS for impacied groundwaler.

8- - Allernative wouki not fikaly
comply with all chemical-specific
ARARs as some sesidual
contaminatian would likety continua
lo migrate

B- ~ Excavation would nol comply
wilh al chemical and action-specitic
ARARS if some DNAPL remains after
excavation

mobiily, and mass of impacled
groundwater

effectively within target areas. Eftective
carbon substrale mixing is the grealest
challenge. Continuing contaminant migration
can occur

B - Plume couks be conlained using a
properly designed system. Toxicity ang
volume of extracted groundwater would be
reduced by aboveground treatment
Cleanup goals might not be actieved in
areas of high cancenirations, and the
volume and toxicity of the groundwater
would nat be fully reduced

8- - Uncertainty exists on whether
groundwater pump and treal would attain
cleanup goals within a reasonable time
frama. Long-tanm management woukd be
fequired including regular maintenance or
possible expansion of system

B - VOCs are reated 1o nonreguiated
ethene/ethane, ihereby reducing toxicity,
mabilty, and mass of impacled
groundwater provided that DNAPL or very
hign cancentrations do not migrate into the
PRB

B~ 2Vi PRBs are a wet-established
technology and have been operating
successtully for over 10 years in the field.
This allernative would take time to reduce
mass and volume in ihe secondary source
area

B - Combination of technotogles among the 8-
most suited to coatrol and manage DNAPL.
Systam could be maintained for the long
tem.

emalive has the potentiat to

Graundwales extraction provides additional
reduction in toxicily, mobility, and volume,

A~ Technology could reduce significant but
not fikely all mass of DNAPL in a short ime.

Ihis occurs, containment could be
necessary

C - Very eftective technology fof removing
DNAPL over Ihe shorl lerm Some fesiduat
DNAPL would (kely remain

G ~ Uncenainty exisls on whether excavation A - Excavation has the potential ta remove

can remove DNAPL gven the depths and  signdicant quaniities and mass of free-

subsurlace bedrock environment phase TCE DNAPL, but not lkely all of lhe
DNAPL.

G - No remediat action woukd occur; A — Aternaliva is implementable.
theretore, no additional impacis

would resull from implementation of

lechnologies. RAOS would nol be

achieved.

A- - Aftes reducing condilions are A ~ Altemalive is implementable.
established (normally 2 10 3 months), New injection and possibly new
aitemative is very effective over Ihe  extraction welis would be needed.
shart term.

© - Potential risks to the community,
workers, and lhe environment during
implementation of remedial actions
would be miligated outside capture
area. Alemative provides significant
lime to achieve cleanup goals and
associated AAOS.

8- Altemative is implementable with
a well-established technology.
Monitoring is currenlly being
conducted as part of the BGMP.
Oftbase groundwater use reskrictions
would tequire coordination wilh
property owners and stale and local
aencies

A - PRBs installed in a UST would be A - implementable using
eflective al eating TCE immediately. conventional treaching equipment,

A-Containment is very effective A~ Altemative can and has been
aver the short term. Over fime, pump implementad al the site.

and treat and phytoremedialion can

reduce mass ot TCE.

A~ Altemative very eflective over the B« — implementable provided ihat
shont lerm. Significant mass reduction subsuriace conditions pravide for
oceurs in the first year of operation.  even healing.

A — Allemailive has been
implemented and is one of the most
common technologies far many near-
surlace COCs Ailernative not
normally used lo remove
conlaminants 1o 35 leet bgs

A - Altemative Gould be very
eifective in reducing mass and
volume over the short term

No change would occur i human
health or scological dsk profiles, but
Tuture exposure would not be
feduced. There would be a $15,500
human-use services loss, but no
ecological services lossas,

No change in risk profiles, although
future exposure is reduced; $9,000
human-use services 10ss (gain of
$6,500 over no action) and 15 dSAY
ecologicat services koss

(35 parcent reduction compared ta
no action)

No change in fisk profes, alihough
luture exposure is reduced; $12,000
human-use sesvices joss (gain ol
$3,500 over no aclion) and 4 5 SAY
ecological services ks

(40 percent reduction compared o
no ackon).

No change in risk proliles, ahougn
fulufe exposare is reduced; $8,000
human-use services loss {gain ol
$7.500 over no action) and 5.8 GSAY
ecotogical services Wss

(13 percent reduction compared o
na action),

No change in risk profiies, akhough
future exposure is reduced; $12,000

A~$0. Reler o Table 6-7 lor a
summary of costs and Appendix D for
a delaited cost breakdown.

B- - $52 MM_ Reler 1o Table 8-7 lor
a summary of costs 1d Appendix D
for a detalled cost breakdown

C - $7.1 MM, Reler ko Table 6-7 for a
summary of costs and Appendix D for
a detailed cost breakdown.

B - $4.2 MM, Refar o Table 6-7 tor a
sumenary ol cosls and Appendix © for
a detailed cost breakiown.

B-$47 MM, Refer 1o Tabla 67 fora
summary ol costs and Appendix D for
a breakdown.

tass (gain of
$3.500 aver no action} and 1 5 dSAY
ecological services loss
(3 percent reduction compared 10 no
action).

No change in fisk profites, although
lulure exposure is reduced; $2,100
human-use services loss (gain of
$13,400 over no action) and 9.6
GSAY ecalogical services loss

(22 percent tecuction compared to
na action).

No change in risk profiles, although
lure expasure is reduced, §2,100
human-use services loss {gain of
$13.400 over no action) and 11.1
GSAY ecalogical services loss

(26 percent reduction compared o
70 acuon).

©- - §11.6 MM. Reer 10 Tathe 6.7 lor
a summary of costs and Appendix D
for a delavled cos! breakdown.

C-~ $11.5 MM. Refer 1o Table 6-7 for
a summary of costs and Appendix D
for a detaited cost breakdown

Notes:

Lefter symbols appearing before criterion explanation are a retative ranking of how well the
10 efter rank, with *+* representing "beller salishies criterion than no mod

*+*and * * symbols are mo
MM = x $1 miion

ADD/033220003 (CLAZGIS xis)

einative meets the spect

i and " representing s

criteria objectives "A” is the highest rask
ightly pooser than no modilier *

is 4 medium 1ank, and "C*1s Ine lowes! rank.
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TABLE ES6
Groundwater Comparative Analysis Matrix - Area C (Distal Plume Area)
Site 17 Feasibiity Study, Beale Air Force Base, California

Remediat Alternative

T d Criteria Criteria
Estimated Net Present Value/
Protection of Health and the Long-t and in Toxicity, Mobility, or Total Cost
Major C Environment Compliance with ARARs Permanence Volume Short-term Etfec! mp NEBA (s)

Alternative GW-C1 — No Action

Alternative GW-C2 — Monitored
Natural Attenuation

Existing and new groundwater
monitoring wells are
monitored/sampled to evaluate the
signticance of natural atienuation at
the site.

Ahiemative includes in silu nutrient
(edible carbon substratas) addition
and possible microbial consortia
additions to stimulate biological
reduction of VOCs 10 ethene.

Alternative GW-C3 -
Biostimulation/Bioaugmentation
(Biobarrier)

GW-C4 -
Extraction and Treatment

New exteaction wells
would be installed to extract waler at
distal end of plume and at highest
concentrations zones. VOCs would
be traated via air stripping of possibly
via engineered wetlands

C - his tikely that RAOs could not be C ~ Aternative Would not compty with

achieved. Conlaminated groundwater ARARS requining restoration of the

would not be contained and could beneficial uses of groundwater and

atfect other resources. lion of turther of high-
quality groundwater. Altemative would not
1ulfill groundwater moniloring requirements.

A- - Risks to human health and the  A- ~ Systam would be designed to comply
environment would be reduced over  with ait chemical- and action-specitic

the long-lerm. Signilicant time would  ARARS. There is some uncertainty on time
be required to achieve concentrations frame to achieve groundwater ARARs and
in groundwater protective of human  some fisk of plume expansion

health and the environment without

requiring land usa controls or

monitoring.

A - Risks to human heafth and the

environment would be reduced over
the long term. Significant time wouid
be requited to achieva groundwater
cleanup levels throughout Area C

A~ Altemative would be designed 1o
comply with ali chemical- and action-
specilic ARARS.

A - Risks to human heafth andthe A - System would be designed to comply
environment would be reduced over  with all chemical- and action-specitic

the long lerm. Significant time would  ARARS. Monitoring requirements would be
be required to achieve concentrations fulfiied.

in groundwater protactive of human

health and the environment without

requiring land use controls or

monitoring

C - Any identified risk would not be
diminished.

C - Allemative has no ireatmenl processes.
Reduction in mass or volume would occur
by natural degradation, but would not likety
achieve RAOS.

8 - MINA can be robust over the long B — MNA processes provide reduction in
1erm because no active management toxicity, mobility, and votlume. Addiional
is required. With a remedy in place in data are needad to daterming the

Area B, this aftlemalive could be very effectiveness in Area C.

eftective.

B - Atiemative could be very effective B — VOCs are treated to nonregutated
provided biosti could be . thereby reducing 1oxicity,
implemented and maintained over the mobility, and mass of impacted

long term. Effective carbon substrate groundwater. The efficiancy of trieatment
mixing would be the greatest depends on the tiow of contaminated
challenge. groundwater across the treatmant zone

B+ - Plume could be contained using a
properly designed system. Toxicity, and
volume of extracted would be

8 - Pump and treat can be very
effective over the long term thiough

C - No remedial action would oocur;
therefore, no additional impacts
would resut from implementation of
technologies. RAOs would not be
achieved.

B~ MNA is pbust, then the natusa
attenuation is already eflective.
Significant time would be required 0
achieve cleanup goals and
associated RAOS

B+ - Once ieducing conditions are
established (normally 2 1o 3 months),
ahtemative is very eliective over the
short term.

B8+ - Polential risks to the

A - Atiernative is implementable.

A~ Aftemative is implementable.
Moxitoring is currently being
conducted as pan of tha BGMP.

A - Altemative is implementabie.
New injection and possibly naw
extraction wells would be neaded.

workers, and the

hydraulic containment and ex situ
treaiment reduced by aboveground rsatment. Some
time would be required before RAOS could

be met.

would be mitigated outside captisre
area. Signiicant time would be
required 16 achieve cleanup goats
and assaciated RAOS.

A- ive is and
during uses a well
of remedial actions  Monitosing is currently being
conducted as pan of the BGMP.

A~ $0. Refer 10 Table &7 fora
summary of costs and Appendix D for
a detalled cost breakdown.

No change would occur in human
health or ecolagical risk profiles, but
future exposure would nat be
reduced. There would be a $340,000
human-use services loss, but no
ecological services losses

No change in risk profiles, afthough
future exposure is reduced #
combined with remedy at Areas A
and B; $260,000 human-use services
loss (gain ot $80,000 over no action),
but minimal ecological services loss
(0.9 dSAY o less than 1 parcent
reduction compared 10 no action).

A~ $2.8 MM. Refer to Table 6-7 for a
sumrmary ol costs and Appendix D for
a detailed cost breakdown.

No changs in risk protes, although B — $5.8 MM. Refer 10 Table 6-7 for a
futura exposure is reduced; $260,000 Summary of costs and Appendix D for
human-use services loss (gain of a detailed cost breakdown.

$80,000 over no action), but minimal

acological services loss

(10.5 dSAY or 1 percent reduction

compared 1o no action)

No change in sisk profiles, although  C ~ $7.0 MM. Refei 1o Table 6-7 for a
future exposure is reduced; $260,000 summary of casts and Appendix D for
nhumarvuse sefvices loss (gain of  a detailed cost breakdown.

$80,000 over no action), but minimat

acological services loss

(2.5 dSAY or less than 1 percent

reduction compared 10 no action).

Notes:

Letter symbols appearing before criterion explanation are a relative ranking of how well the alternative meets the specitic criteria objectives. “A" is the highest rank, *B" is a medium rank, and "C" is the lowest rank
"+" and "-" symbols are modifiers to letter rank, with “+* representing “better satisfies criterion than no modifier” and *-* representing *salisfies criterion slightty poorer than no moditier.*

MM = x $t mi
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